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aSCIENTIFIC ARTICLE
Results of Replantation of 33 Ring Avulsion
Amputations
Roberto Adani, MD, Elisabetta Pataia, MD, Luigi Tarallo, MD, Raffaele Mugnai, MD
Purpose Despite microsurgical advances, it is still difficult to achieve satisfactory functional
results in cases of replantations following complete ring avulsion amputations. Our aim is to
report the experience we have collected since the early 1990s in the treatment of this type of
injury.
Methods We replanted 33 fingers on 33 patients (age, 15–54 y) with complete ring avulsion
amputation injuries. Twenty-eight amputations were distal to the insertion of the flexor
digitorum superficialis, and 5 were complete degloving injuries with intact tendons. Vascular
transpositions and vein grafts were used, and in all cases, only 1 of the digital nerves was
repaired.
Results The 29 successful cases were tracked over an average follow-up of 89 months. The
average total active motion of the reconstructed finger was 185°. Sensibility evaluated by
static 2-point discrimination varied from 9 to 15 mm and by moving 2-point discrimination
from 8 to 15 mm. Five patients complained of cold intolerance.
Conclusions Resection of the avulsed digital artery and vein is the most crucial part of the
procedure.Vessels reconstruction can be performed using various methods, but vessel trans-
fers from the middle finger appear to be the most reliable solution. The outcome of the cases
demonstrates that replantation should be attempted. (J Hand Surg 2013;38A:947–956.
Copyright © 2013 by the American Society for Surgery of the Hand. All rights reserved.)
Type of study/level of evidence Therapeutic IV.
Key words Ring injuries, complete amputation, degloving injury, vessel transfer, replantation.a
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1RING AVULSION INJURIES continue to be a challengefor reconstructive surgeons.1 These injuries areusually caused by crushing, shearing, and avuls-
ng the soft tissue envelope,2 resulting in severe mac-
oscopic and microscopic damage to the digital vessels
nd nerves.3
Despite microsurgical advances, it is still difficult to
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egloving injuries and amputations. Controversy con-
inues regarding whether or not replantation or revision
f the amputation should be performed.4–10 Most hand
urgeons would not advocate replanting single-finger
mputations,8 especially in cases of complete deglov-
ng.4,6 Even with a successful revascularization of the
kin, a risk remains of poor functional results7 that may
interfere with overall hand function.
Various classification systems have been pro-
posed.4,5,11–13 The most commonly accepted classifica-
ion was published in the early 1980s by Urbaniak et al4
that divided the injuries into 3 classes according to the
circulatory status. In 1989, Kay et al11 proposed an
lternative classification that is a prognostic system
ncluding injuries with or without skeletal injuries. In
996, Adani et al12 modified the Kay et al classification
y including degloving ring injuries in class IV and also
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subgroups to distinguish amputations distal to the flexor
digitorum superficialis (FDS) insertion from those
proximal to the FDS insertion.
The purposes of this article are to report the experi-
ences we have collected since the early 1990s of the
treatment of complete degloving and amputation ring
injuries, to conduct a review of the English literature
about ring avulsion injuries, and to define the most
appropriate technique for restoring circulation.
MATERIALS AND METHODS
In this retrospective cohort study, we reviewed all the
ring amputation injuries treated from January 1990 to
January 2010 (minimum 1-year follow-up). To identify
patients and to define and classify the ring injury, we
reviewed hospital records, x-rays, electronic databases
containing all the operations performed, and file images
(including before and after surgery and follow-up). The
inclusion criteria were ages from 14 to 60 years old and
with complete ring finger amputations. Patients with
systemic diseases such as diabetes mellitus, vascular
disease, alcohol abuse, and heavy smoking histories
were excluded.
Thirty-nine patients with class IV injuries according
to the Kay et al classification were identified. In our
study, we subdivided class IV injuries into 3 groups:
● Amputation distal to the insertion of FDS (class
IVd injuries: 28 cases),
● Amputation proximal to the FDS insertion (class
IVp injuries: 6 cases), and
● Complete degloving injuries with intact tendons
(class IVi injuries: 5 cases).
Replantation was done in class IVi and class IVd
injuries (33 cases; 23 male, 10 female). The average
patient age was 36 years (range, 14–54 y).
Microsurgical repair was performed using axillary
block anesthesia. In cases of class IVi, the degloved soft
tissue envelope was everted, allowing exploration of the
digital arteries and veins. A midlateral line incision was
made on the side of the degloved skin that had the most
suitable vessel for revascularization. In the class IVd, a
midlateral incision in the amputated finger was made in
order to observe the neurovascular bundles. The choice
of whether to make the incision on the ulnar or radial
side depended on the skin condition of the amputated
finger. The recipient artery was carefully dissected un-
der the microscope until a normal appearance of the
lumen of the digital artery was found. With the help of
subcutaneous hematomas on the dorsal surface of the
digit, we were able to find the site of vein disruption,
JHS Vol A,and a dorsal incision was routinely performed. The
surgical approach to the ring finger was obtained vo-
larly through a zig-zag Bruner incision and dorsally
through a longitudinal incision.
Before performing artery transfer, it was necessary to
carry out a digital Allen test to the middle finger. The
surgical approach was done using a Bruner incision.
The ulnar artery was dissected from the metacarpopha-
langeal (MCP) joint level to the distal interphalangeal
(DIP) joint level of the middle finger. The isolated
digital artery was first identified and then separated
from the digital nerve, preserving as much fibrofatty
tissue around the nerve as possible to avoid injury or
devascularization of the digital nerve. The ulnar digital
artery of the middle finger was transferred to the ring
finger by means of a subcutaneous tunnel to reduce
further scars in the ring finger and to avoid the proximal
incision at the base of the ring finger. Primary arterial
suturing was never performed.
In 15 patients, we used vein grafts taken from the
volar aspect of the wrist to bridge segmental digital
arterial injuries. In 18 patients, the ulnar digital artery of
the middle finger was transferred to the ring finger. In
20 patients, direct venous anastomosis was performed.
Vein grafts were used for 12 patients, and a vein was
transferred from the dorsum of the middle finger in 12
patients. At least 2 veins were always restored (Table 1).
Direct nerve repair was performed in 8 patients. In
16 patients, the proximal stump of the radial digital
nerve was transposed and repaired on the distal stump
of the ulnar digital nerve. In 5 patients, 1 digital nerve
was reconstructed using a graft from the other digital
nerve. In 2 patients, 1 nerve was reconstructed with a
vein graft. In 2 patients, no nerve reconstruction was
performed. In all cases, only 1 of the digital nerves was
repaired (Table 1).
Extensor tendons were sutured in 9 cases (class IVd),
and the flexor digitorum profundus was never repaired.
The FDS always remained intact along with a preserved
proximal interphalangeal (PIP) joint.
Arthrodesis of the DIP joint was done using K-wires
when amputation went through the joint (25 cases of
class IVd). When the amputation was at the middle
phalanx level (3 cases of class IVd), the phalanx was
fixed with K-wires. The degloved skin envelope was
fixed to the tip of the distal phalanx using a K-wire in
class IVi cases.
After surgery, the patients were put on a low-
molecular-weight dextran (500 mL/d) for 7 days and
oral aspirin (250 mg/d) for 30 days. Prophylactic wide-
spectrum antibiotics were administered for 5 days. All
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REPLANTATION OF 33 RING AVULSION AMPUTATIONS 949TABLE 1. Subjects’ Characteristics, Type of Injury, Surgical Procedure, and Clinical Outcome
Patient Sex Age (y) Class Surgical Procedure Complication Result
Follow-Up
(mo) TAM
Sensibility
2sPD 2mPD
1 F 27 IVi A: 1 Transfer / Success 235 240 10 8
V: 1 Graft  1 transfer
N: Cross
2 M 21 IVi A: 1 Transfer / Success 184 205 9 8
V: 1 Direct  1 transfer
N: Cross
3 F 35 IVi A: 1 Transfer / Success 146 190 15 15
V: 2 Transfers
N: No repair
4 M 28 IVi A: 1 Graft / Success 82 185 13 11
V: 2 Transfers
N: Graft
5 M 43 IVi A: 1 Transfer / Success 48 210 12 10
V: 2 Transfers
N: Cross
6 M 26 IVd A: 1 Graft / Success 220 180 9 8
V: 2 Direct
N: Direct ulnar
7 M 38 IVd A: 1 Transfer / Success 191 170 12 10
V: 1 Direct  1 graft
N: Cross
8 F 49 IVd A: 1 Graft / Success 169 165 14 11
V: 2 Direct
N: Cross
9 M 19 IVd A: 1 Graft / Success 152 195 12 10
V: 2 Direct
N: Cross
10 M 51 IVd A: 1 Graft / Success 132 185 11 8
V: 1 Direct  1 graft
N: Direct ulnar
11 M 37 IVd A: 1 Transfer / Success 131 195 15 13
V: 2 Transfers
N: Nerve graft
12 F 40 IVd A: 1 Transfer Artery thrombosis Failure / / / /
V: 2 Transfers
N: Graft
13 M 54 IVd A: 1 Graft Artery and vein
thrombosis
Failure / / / /
V: 2 Grafts
N: No repair
14 M 27 IVd A: 1 Graft / Success 94 185 9 8
V: 1 Direct  1 graft
N: Direct radial
(Continued)JHS Vol A, May 
950 REPLANTATION OF 33 RING AVULSION AMPUTATIONSTABLE 1. Subjects’ Characteristics, Type of Injury, Surgical Procedure, and Clinical Outcome (Continued)
Patient Sex Age (y) Class Surgical Procedure Complication Result
Follow-Up
(mo) TAM
Sensibility
2sPD 2mPD
15 M 41 IVd A: 1 Transfer / Success 91 170 11 9
V: 2 Direct
N: Direct ulnar
16 M 30 IVd A: 1 Graft / Success 85 165 12 10
V: 1 Direct  1 graft
N: Cross
17 F 47 IVd A: 1 Transfer Artery revision Success 79 195 13 11
V: 2 Transfers
N: Cross
18 M 32 IVd A: 1 Transfer / Success 71 185 12 10
V: 2 Transfers
N: Cross
19 F 52 IVd A: 1 Transfer / Success 66 160 10 8
V: 1 Direct  1 graft
N: Direct ulnar
20 M 49 IVd A: 1 Graft Artery and vein
thrombosis
Failure / / / /
V: 1 Direct  1 graft
N: Cross
21 F 22 IVd A: 1 Graft / Success 59 190 9 8
V: 2 Direct
N: Direct ulnar
22 M 45 IVd A: 1 Transfer / Success 55 180 15 13
V: 2 Transfers
N: Graft
23 M 49 IVd A: 1 Graft Artery and vein
thrombosis
Failure / / / /
V: 1 Direct  1 graft
N: Cross
24 F 34 IVd A: 1 Graft Veins revision Success 52 175 12 11
V: 2 Direct
N: Cross
25 M 39 IVd A: 1 Graft / Success 49 195 10 8
V: 2 Direct
N: Direct ulnar
26 M 25 IVd A: 1 Transfer / Success 45 180 15 11
V: 2 Transfers
N: Graft
27 M 36 IVd A: 1 Graft / Success 36 180 12 10
V: 2 Direct
N: Cross
(Continued)JHS Vol A, May 
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8 days.
Owing to arterial or venous compromise, 6 cases
required reoperation between 2 and 8 days after replan-
tation. Despite our efforts, 4 cases failed. One amputa-
tion was done at a level that allowed primary closure,
and 3 patients underwent ray resections.
The 29 successful cases were tracked over an aver-
age period of 89 months (range, 12 mo–20 y). One
patient required secondary DIP joint arthrodesis. Out-
come analysis included total active motion (TAM) of
all 3 joints, sensibility (evaluated using the Weber static
2-point discrimination test and the moving 2-point dis-
crimination test), and cold intolerance.
Data analysis was carried out with the intention-to-
treat method.14 Missing data were estimated according
to worst-case scenarios.15 In case of normal distribu-
tion, independent t-test samples were used to define
2-sided probabilities of statistical significance; and in
the analyses reporting an F-test P less than 0.05 (vari-
ances of 2 samples cannot be assumed to be equal), the
TABLE 1. Subjects’ Characteristics, Type of Injury
Patient Sex Age (y) Class Surgical Procedure
28 M 38 IVd A: 1 Transfer /
V: 1 Direct  1 graft
N: Cross
29 F 21 IVd A: 1 Transfer /
V: 2 Transfers
N: Vein graft
30 F 14 IVd A: 1 Transfer /
V: 2 Direct
N: Direct ulnar
31 M 45 IVd A: 1 Graft /
V: 1 Direct  1 graft
N: Cross
32 M 40 IVd A: 1 Transfer /
V: 2 Grafts
N: Vein graft
33 M 37 IVd A: 1 Transfer /
V: 1 Direct  1 graft
N: Cross
A Graft, vein graft for artery; A Transfer, transfer of the collateral ul
distal ulnar nerve suture; N Direct, direct ulnar or radial nerve suture;
N No repair, no nerve repair; N Vein graft, nerve reconstruction with ve
discrimination test; TAM, total arc of motion of metacarpophalangeal,
suture of a vein; V Graft, vein graft for vein; V Transfer, transfer oft-test was used to correct unequal variances (Welch
JHS Vol A,test). When parametric distribution was not respected,
the Mann-Whitney test was performed for independent
samples.
RESULTS
The average TAM of the reconstructed finger was 185°
(range, 160°–240°). In class IVi (5 cases), the average
TAM was 206° (range, 185°–240°), whereas in class
IVd (24 cases), the average TAM was 180° (range,
160°–195°) (Table 2).
Sensibility evaluated by static 2-point discrimination
varied from 9 to 15 mm (average, 12 mm) and by
moving 2-point discrimination it varied from 8 to 15
mm (average, 10 mm). The test was carried out on the
side corresponding to the repaired nerve. Five patients
complained of cold intolerance (cases nos. 3, 22, 26, 29,
and 33).
Table 2 compares the clinical outcome between class
IVi and class IVd and between the cases treated with
arterial transfers and vein grafts.
When applying the intention-to-treat method, there
gical Procedure, and Clinical Outcome (Continued)
plication Result
Follow-Up
(mo) TAM
Sensibility
2sPD 2mPD
Success 32 180 12 9
Success 27 195 14 13
Success 21 195 9 8
Success 19 165 13 10
Success 18 175 15 14
Success 12 180 14 12
gital artery from the middle finger; N Cross, proximal radial nerve to
ft, nerve reconstruction with graft from the contralateral digital nerve;
aft; 2mPD  moving 2-point discrimination test; 2sPD static 2-point
imal interphalangeal, and distal interphalangeal joints; V Direct, direct
al vein from the dorsum of the middle finger., Sur
Com
nar di
N Gra
in gr
prox
a dorswere no significant differences. However, it is notewor-
May 
952 REPLANTATION OF 33 RING AVULSION AMPUTATIONSthy that the best results were obtained in class IVi
(TAM) and in the cases that received arterial transfers
(TAM and sensibility).
DISCUSSION
Since the early 1990s, many authors4 –7,16,17 have
reported poor outcomes when treating complete
ring avulsion amputations. Recent studies have
presented the possibility to obtain more satisfac-
tory functional recovery.18 –23
It is commonly agreed that amputations at the DIP
joint and at the middle phalanx (Class IVd) are candi-
dates for replantation when there is an intact PIP joint
with a functional FDS tendon.10,12,18,20,21–24
Careful evaluation is necessary in cases of com-
plete amputations proximal to the FDS tendon in-
sertion when the PIP joint is damaged or if the pro-
ximal phalanx is fractured (class IVp). Many
authors1,4,6,7,11,12,17,18,21–26 choose not to attempt re-
plantation when the ring avulsion amputations occur
proximal to the FDS insertion. In the 6 cases reported
since 1994,23,25,27,28 only 1 patient27 achieved accept-
able functional results.
Patients with complete degloving injuries are not usu-
ally considered as candidates for microsurgical treatment;
however, this approach is changing.12,20,23,29–32 We have
successfully replanted 5 cases of class IVi injuries,
which are technically more demanding than class IVd
TABLE 2. Clinical Comparison Between Class IVi a
Arterial Transfer and Vein Graft
Class IVi
n 5 (0 failures)
Mean (SD)
TAM (°) 206 (21.6)
Sensibility (mm)
2sPD 11.8 (2.4)
2mPD 10.4 (2.9)
Arterial Transfer
n 18 (1 failure)
TAM (°) 188 (18.6)
Sensibility (mm)
2sPD 12.5 (2.2)
2mPD 10.7 (2.3)
2mPD, moving 2-point discrimination test; 2sPD, static 2-point discriamputations4,8,29 (Fig. 1). The results of our class IVi
JHS Vol A,patients (Table 2) suggest that an attempt to save the
degloved ring finger should be made.
When the degloved skin is not replantable, ray
resection is the best option.33 Amputation (pre-
serving the MCP joint) should be considered for
patients with manual jobs.26 Other surgical solu-
tions are for patients who insist on keeping the
severely damaged finger.33– 40
When replanting, it is crucial to perform an extensive
debridement of the damaged artery18 as introduced by
Weeks and Young41 and now widely used.12,20–24 The
debridement of the vascular structures often leads to
large artery and vein defects.18 The use of long vein
grafts is the most popular technique to restore the arte-
rial flow.1,4–6,11,18,19,21–25,28,41–43 We employed this in
15 cases. In our experience, it was not always possible
to perform a perfect anastomosis between a small-
diameter digital artery and a large-diameter vein
graft.18,21 We opted for vein grafts when the digital
artery of the ring finger was found in acceptable con-
dition after debridement at the middle phalanx level.
When the artery was found to be healthy only more
distally, we preferred to use an artery transfer technique.
This solution avoided the vessel size discrepancy oc-
curring when the vein graft was needed from the MCP
joint level to the DIP joint level. We also chose artery
transfer instead of vein graft when the artery proximal
Class IVd and Between the Cases Treated With
Class IVd
n 28 (4 failures)
PMean (SD)
180 (11.1) .054
12.1 (2.0) .989
10.1 (1.9) .564
Vein Graft
n 15 (3 failures) P
180 (11.0) .087
11.3 (1.7) .063
9.4 (1.3) .074
ion test; TAM, total active movement.nd
minatto the injury had an uncertain pulse.
May 
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REPLANTATION OF 33 RING AVULSION AMPUTATIONS 953In 18 patients, we transferred the ulnar artery from
the DIP joint of the middle finger to provide arterial
inflow. This technique guaranteed long vessel
length44,45 and allowed for a vascular suture in the
distal phalangeal pulp of the ring finger.46,47 It also
shortened the operative time by reducing the number of
anastomoses and decreases the vessel size discrep-
ancy.20,23,27
For these reasons, in most cases artery transfer rep-
resents our preferred method to provide blood flow in
complete ring avulsion amputations.
None of the study patients treated with artery transfer
experienced cold intolerance or diminished function of
FIGURE 1: Case no. 5. A Class IVi injury. B Skin at 15the digit as reported by the majority of the au-
JHS Vol A,thors.12,20,23,27,44–47 Only a few papers (without report-
ing cases) do support this procedure.18,28,48
The only unsuccessful case (no. 12) of artery transfer
experienced a diffuse arterial vasospasm during sur-
gery. Currently, we routinely irrigate the surgical field
with 10% lidocaine to prevent this.
We used various techniques to restore venous drain-
age, including direct venous anastomosis, vein grafts,
and veins transfer.
Some authors11,24,42,49–52 suggest use of venous flaps
to restore the skin and venous flow simultaneously. In-
stead, our experience was similar to that of others18,20,21
who suture the dorsal skin loosely to avoid tension. Skin
s after surgery with eventual healing. C, D Final result.grafts are employed to cover small skin defects.
May 
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954 REPLANTATION OF 33 RING AVULSION AMPUTATIONSSmall areas of skin necrosis frequently located on the
dorsal surface of the finger may arise between 10 and
15 days after replantation, especially in cases charac-
terized by severe skin injuries. At that time, the vascular
condition of the finger is generally stable. The healing
of the skin usually occurs spontaneously, and therefore,
surgery is unnecessary (Fig. 1B).
We repaired only 1 artery and 2 veins despite the
recommendation to suture 2 arteries and 3 veins.4,6,11 In
our experience, 1 artery was nearly always suffi-
cient.18,21,23–25 If 2 arteries are sutured, more veins are
FIGURE 2: Case no. 3. A Class IVd injury with fracture at th
Final result with evident lack of flexion of the distal interphalanneeded to maintain circulation equilibrium. The survival
JHS Vol A,rate remains the same when reconstructing 2 or more
veins.51
When it was impossible to suture directly the
damaged digital nerves, a cross suture between the
proximal radial digital nerve and the distal ulnar
nerve was used. The other techniques (contralat-
eral nerve grafts or vein grafts) were used as a
second option. Independent of the technique used,
the final outcome was poor because of the exten-
sive damage to the avulsed nerve (Fig. 2). Our
sensory recovery results (Table 3) were slightly
ddle phalanx and severe avulsion of both digital nerves. B, C
joint.e mibetter than those published by others.18,21–23
May 
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necessary to allow for a proper comparison between the
various types of treatment. None of the patients developed
painful neuromas. Only 5 patients reported cold intoler-
ance by the end of the lengthy follow-up period. Cold
intolerance regressed slowly over time. In 1 case (no. 3), it
persisted at 12-year follow-up.
The functional results were influenced by the asso-
ciated bony and tendon injuries. Overall average TAM
was 185°. There was a minor difference between class
IVi (average TAM, 206°) and class IVd (average TAM,
180°). These differences were due to the integrity of the
joints and tendons in class IVi and support the impor-
tance of early rehabilitation.8,21
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